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Specifications 

1. Name of Invention 

Cleaning Method for Semiconductor Substrate 

2. Claims 

(1) A cleaning method for a semiconductor substrate is characterized by a process in which a 
semiconductor substrate is dipped into an organic acid that is fed with bubbles containing ozone/oxygen. 

3. Detailed Description of the Invention 
<Technical Field> 



This invention pertains to a cleaning method for a semiconductor substrate. 
<Prior Art & Related Problems> 

During LSI production, wafers must be cleaned several times between processes in order to remove dust 
and dirt, and a technique for doing so has become important from the standpoint of improving production 
yields. The primary solutions used in such a cleaning process are generally classified into alkali and acid type 
solutions. Examples of well-known cleaning solutions include aqueous animonia - hydrogen peroxide and 
hydrochloric acid - hydrogen peroxide (also commonly referred to as RCA cleaning) types. In addition, mixed 
acid solutions are used such as sulfuric acid - hydrogen peroxide and sulfuric acid - nitric acid types. Solutions 
are normally heated to a temperature of 60 - 150°C and sometimes undergo ultrasonic wave treatment during 
heating. 

However, in the cases of anmionia - hydrogen peroxide and hydrochloric acid - hydrogen peroxide 
types, since the hydrogen peroxide quickly breaks down into Hfi and nascent-state O, the deterioration in oxide 
strength causes inconsistent cleaning strength. Therefore, it becomes necessary to periodically replenish the 
solution with hydrogen peroxide, resulting in a complicated process. Sulfuric acid - hydrogen peroxide type 
solutions are also unfavorable for the same reason. Problems exist in cases where these sulfuric acid - hydrogen 
peroxide and sulfuric acid - nitric acid types are used as waste solutions during treatment. In cases where 
sulfuric acid is discarded, there is a safety concern when it reacts with water and reaches a temperature of 100°C 
or more. For this reason, a large volume of water is needed. Furthermore, when sulfuric acid is used, nitrogen 
oxides are generated which need to be regulated due to pollution standards, and for this reason, sulfuric acid 
cannot be used in large amounts. In short, the problems noted above result in high treatment costs. 

In addition, Patent No. S52-0 12063 describes a method for removing resist films from semiconductor 
substrates in a well-known treatment method that takes the place of the aforementioned acid - hydrogen 
peroxide type solutions. According to this method, sulfuric acid is used along with ozone, which takes the place 
of hydrogen peroxide. However, according to this method, a large volume of water (up to a tenfold dilution) is 
required in order to discard the sulfuric acid, which presents a problem from the standpoint of safety as well as 
cost. 
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<Purpose of the Invention> 

The purpose of this invention is to present a treatment method in which it is possible to maintain a high 
level of safety as well as a low cost. 

<Constitution of the Invention> 

The method for cleaning semiconductor substrates as described in this invention is characterized by a 
process in which an organic acid is used as a cleaning solution and bubbles containing ozone/oxygen are fed 
into the solution tank in order to remove dirt from the surface of silicon wafers. 

<Principle/Operation of the Invention> 

Among the various types of organic acids, formic acid is a strong acid that contains reduction properties. 
On the other hand, acetic acid is a weak acid in which the hydrogen within the -COOH group becomes 
displaced once the acetic acid reacts with the various heavy metals (M), resulting in the formation of a -COOH 
metallic salt. 

Furthermore, by feeding bubbles containing ozone into the solution tank, organic contaminants become 
oxidized by the ozone, making it possible to remove these contaminants through decomposition. 

In other words, this invention seeks to conduct a cleaning operation in which heavy metals located on 
top of semiconductor substrates (wafers) create formic acid salt or acetic acid salt, and organic contaminants are 
decomposed through the use of ozone. 

<Embodiments> 

The following is an explanation of this invention in which a prior example is used for comparison. 
First, an embodiment of this invention will be explained. 

According to this invention, the cleaning operation is conducted as follows. A cleaning tank is filled 
with an organic acid (such as formic acid, acetic acid, etc.), and the solution is heated (to a temperature of 100 - 
150^C), after which a semiconductor substrate is dipped into the solution. Ozone/oxygen bubbles are fed from 
the bottom of the tank and clean the substrate as they hit up against the surface. 

The tank used in this invention is made of Teflon, and the solution temperature is controlled through the 
use of an inmaersion type quartz heater. The ozone/oxygen bubbles are fed into the tank from the bottom using a 



gas distributor made of Pyrex. The same type of tank is used to conduct cleaning with a prior form of RCA 
cleaning solution comprised of NH^OH - - H^O (1:1:5) at a solution temperature of SO^'C for 10 minutes. 

In addition to using the same tank described above, the method of this invention calls for the use of a 
wafer from the same lot, and said wafer is to be dipped into a solution of formic acid or acetic acid. While the 
wafer is within the tank, the solution is heated to a temperature of 100 - ISO'^C. In addition, ozone/oxygen 
bubbles are fed through the bottom of the tank so that cleaning can be conducted for a period of 10 minutes. 

The wafer that is cleaned using the NHpH - Hfi^ - H^O solution according to the prior method, and the 
wafer that is cleaned using the formic acid - ozone - solution according to this invention both undergo a 
steam treatment (in an. environment of - at 950°C for 10 minutes), after which lifetime measurements are 
conducted using a non-contact method. These results are shown in Table 1 along with the Vp^ (Flat Band 
Voltage) figures, which are evaluated using the MOS C-V method. 



Table 1 



Cleaning Method 


Lifetime (|J, sec) 


Vp3(V) 


Prior Method (NH.QH) 


7 


-0.9 


Method of this Invention 
(Ozone/Formic Acid) 


20 


-1.0 



<Effect of the Invention> - 

As shown in Table 1 , the cleaning method described in this invention has a recombination lifetime value 
that is approximately three times that of the RCA cleaning solution from the prior method, which indicateis a 
superior cleaning effect. In addition, the V,^ (Flat Band Voltage) figure obtained through the MOS C-V method 
shows a level of -1 .OV, which is not significantly different from the result shown for the prior method. 

Based on the above, the cleaning method described in this invention provides a cleaning effect that is 
equal to or greater than that of the prior method, thus sufficiently achieving the purpose stated above. 

In addition, the problem noted above with respect to the generation of heat due to the reaction between 
water and sulfuric acid or nitric acid is prevented, thus this invention creates very few problems fronri the 



standpoint of pollution. This is due to the fact that formic acid and acetic acid can be easily decomposed into 
CO, COj, H^O, etc., at high temperatures (up to 150°C), and this decomposition is further advanced through the 
use of ozone in the treatment process. As a result, this invention poses no problem with regard to discarding the 
solution since it can be easily dissolved in water. This not only makes it possible to provide industrial safety as 
well as a rational manufacturing operation, it also makes it possible to reduce the level of cost required to 
conduct the treatment process. 

Patent Applicant: Nippon Denki, K.K. 
Agent: Tadashi Kanno, Patent Attorney 

[seal of:] Tadashi Kanno 
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(54) CLEANING METHOD OF SEMICONDUCTOR SUBSTRATE 
(57) Abstract: 

PURPOSE: To safely and readily remove any station on the surface of a silicon 
wafer, by dipping a semiconductor substrate in a solution of an organic acid being 
bubbled by ozone or oxygen and thereby treating the substrate. 

CONSTITUTION: An organic acid (e.g., formic acid or acetic acid) is filled into a 
cleaning tank and heated (to lOOWISO*" C) . A semiconductor substrate is dipped in 
this liquid, and ozone or oxygen is supplied from the bottom of the tank so as to 
bubble the liquid, whereby the substrate is cleaned by the bubbles. Any heavy metal 
on the wafer forms a formate or an acetate, and any organic contaminant is 
decomposed by ozone, whereby stains on the surface of the substrate can readily be 
cleaned out. 
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